Reports
At present, there are 2 main ways to obtain an instrument in the medical laboratory: purchasing and renting. 1 Since each method has its advantages and disadvantages, decision making for selection of the instrument must be based on scientific principles. A study on the unit cost of the instrument can assist the laboratory in determining the suitability of the equipment to its needs and selecting appropriate models and configurations.
There is nothing new about the unit cost principle. 2 Private industry has used ideas based on unit cost principles for decades. Transformation from the industrial age to the information age demands that we actually use the new information to manage and work more efficiently. Managers need to recognize that increased visibility of cost information can lead to better, more informed decision making. 1, 2 By relating total cost to output, producers and customers are made aware of the real cost of support. To this end, unit cost provides more meaningful information and assists managers and management teams in becoming more effective.
The steps to find the unit cost and use for the laboratory management are described as follows: 2 1. Recognize and classify all the costs that are involved in the process. As a principle, there are two distinct types of outlays in running a process: capital costs (expenditure) and operating costs. Capital costs are items bought for the process (like real-estate that the business owns) but that have no direct bearing on the profit the process generates. Operating costs are the outlays that go into the production of the services. They have been expended and so have diminished the profit of the business ("charges -operating cost = profit"). Operating expenses can be divided into 2 different parts: fixed costs and variable costs. Fixed costs remain constant whether volume goes up or down, while variable costs vary in response to the volume of production. As volume goes up, so do variable costs. In a laboratory, examples of fixed costs include annual maintenance charges or annual employee salaries. Variable costs include the costs for consummables (reagent costs and disposal cuvettes costs).
2. Find the break-even point or equilibrium. The basic equation "total sales -(variable costs + fixed costs) = profit" should be used in analysis for the profit of each laboratory test.
In case there is an alternative in performing a laboratory test, such as a choice between using rented or purchased instruments, there is a break-even point where the rent and purchase costs cross. Above that point, one alternative will have a higher total cost than the other and it should not be selected.
This article focuses on 2 main alternative methods for acquiring instruments for the laboratory.
Purchasing Laboratory Instruments
Traditionally, analyzers are purchased as capital investments. 3 The instrument may be purchased at any time with tax advantages. The purchase option is suitable for a laboratory where there are sufficient funds. This alternative is free of contract; therefore, the laboratory is not tied to the manufacturer and is able to use other reagents or other processes the instrument can operate on. The most problematic item with this option is the instrument cost.
Renting Laboratory Instruments
An increasingly popular alternative to purchasing is a lease or rental agreement. The rental option is suitable for a setting without sufficient funds for purchasing. The reagent companies, usually the same group as the instrument companies, may offer the rental plan option to the laboratory. In the contract, the laboratory might pay for only a few instrument rental fees, or might not pay an instrument rental fee at all, but has to purchase all reagents from the contracted company. Most of the contracts fall in the latter category, widely known as reagent rental or leasing. For the reagent rental, reagents are purchased at a set cost per test, which varies with test volume, and this price incorporates a charge for the use of the instrument. 3 The laboratory may rent the instrument for as long as it wishes. The instrument may be returned at any time and the rental agreement will be terminated. In addition, the laboratory manager can acquire a state-of-the-art analyzer more quickly and easily than through a purchase, and can maintain the flexibility to Reports labmedicine.com switch to a more suitable system as technology and service requirements change.
Significant advantages and disadvantages accrue to both the laboratory and the manufacturer. The study in this area is of interest for all laboratory administrators. Here, a literature review on the topic of equipment selection was performed. Also, an example of situation analysis in the author's setting to compare the test costs from the rented and purchased laboratory instruments was performed.
Review of the Literature About Equipment Selection
Due to worldwide economic crisis, to buy or lease is the main question for laboratory administrators. 4 The evaluation and choice of laboratory equipment and reagents became interesting topics in laboratory medicine. 4, 5 Although any decision to purchase a piece of capital equipment involves a number of the organization's functions, the department manager has some significant responsibilities in the selection and acquisition of capital equipment. 6 Except for unavoidable replacement of essential equipment that fails unexpectedly, capital purchases must ordinarily be planned in advance through an annual budgeting process. 6 Recently, Nalbandian and colleagues proposed the "Effective Laboratory Service System," a new concept which, they explain, can reduce hospitalization costs while maintaining or enhancing the quality of medical care. 7 Therefore, decision making for selection of the instrument must be based on scientific principles.
In addition, Pols proposed that organizations planning capital equipment acquisitions should negotiate with more than one equipment vendor and determine the equipment purchase price, service agreement price, and financing or leasing option rate separately to avoid hidden costs. 8 Prospective payment has increased the importance of controlling capital costs. One area where this may be possible is lease financing. 8, 9 Laboratory administrators armed with this information should be able to negotiate more favorable lease terms under given tax and economic environments. [8] [9] Reasons commonly cited in favor of leasing may be of questionable validity. Economic analysis comparing renting with purchasing an instrument should be key for selecting the instrument. [10] [11] [12] Bayless and Diltz noted that under an easily-identified set of circumstances, lease financing can be cost-effective. 9 May Laboratory has decided to rent equipment instead of purchasing the items; 13 however, under the terms of the lease, the hospital is required to reimburse the supplier for any property taxes on the equipment covered by the lease. 13 In Thailand, there is limited knowledge on this topic. While there have been a few studies on unit cost, fewer studies focused on the comparison between the unit cost of rented and purchased instruments. However, the rental specific system "contract reagent with a free rent instrument" has been used widely (33.3%). 14 Pingsuthiwong and colleagues 15 have recently reported the direct unit cost of the laboratory analysis comparing rented and purchased instruments in King Chulalongkorn Memorial Hospital (KCMH). According to that study, the rental condition was more favorable; however, there is no data of further analysis to find the variation in different workload conditions. No study estimated the equilibrium of both alternatives. Here, the author performs an example of situation analysis in a Thai setting to compare test costs from rented and purchased laboratory instruments.
Materials and Methods
Study design. The selected setting was the laboratory at KCMH, Bangkok. There is a previous study of Pingsuthiwong and colleagues 15 about the material, labor, and maintenance costs of the rented instrument and the purchased instrument in this setting. In this study, the unit cost or total test cost for each instrument was calculated using the same method as previously described. 15, 16 There was another previous study on workload by Wiwanitkit, and the findings in that study were based on the method described in that study. 17 The laboratory information system was used for data collection in this study. The derived unit costs were used as the primary parameters for this study. The steps used to compare rented instruments with purchased instruments are presented in Table 1 .
Analysis for break-even point. Additional analysis for the break-even point was done. Return on investment (ROI) was determined based on the break-even calculation. The author performed a situation analysis for the total test cost, varying on different workloads (total performed tests). The primary assumptions for this study were that the fixed cost consisted of machine, labor, and maintenance costs; that the variable cost consisted of material cost; and that the total test cost consisted of fixed cost plus variable cost. These primary parameters were calculated using the method described in the previous studies. 15, 16 A comparison between total-test costs at each point of analysis was done. The break-even point for the total test costs from both rented and purchased instruments was found.
The calculation of the equilibrium workload at the breakeven point was based on the principle that at the equilibrium, the following equation can be expressed. Linear programming analysis. Since in the real practice, there was no pure usage of rented or purchased instruments in the studied setting, the author also performed an analysis to find the proper combination using the 2 types of instruments in the laboratory. The mathematical method, namely "linear programming," was used in this study. The main research question is which is the proper combination between purchased and rented laboratory instruments in the laboratory (the combination with the lowest cost).
In each mathematical model, the "X" represents the workload (tests/year) for the rented instrument and "Y" represents the workload (tests/year) for the purchased instrument. The 3 conditions for linear programming analysis are:
1. The total workload did not exceed the annual workload (581,778 tests/year); therefore, the first equation is "X + Y < 581,778" (the workloads for rented and purchased instruments were tests/year and tests/year, respectively).
2. The total material cost did not exceed the annual material cost (296,854.8 baht); therefore, the second equation is "0.52X + 0.48Y < 296,854.8" (the material costs for rented and purchased instruments were 0.52 baht/test and 0.48 baht/test, respectively).
3. The total capital cost did not exceed the annual capital cost (302,723.10 baht); therefore, the third equation is "0.02X + 1.19Y < 302723.10" (the capital costs for rented and purchased instruments were 0.02 baht/test and 1.19 baht/test, respectively).
Solving for the 3 equations was then done. The derived intercepts were further interpreted into the total cost according to the equation: total material cost + total capital cost + total labor cost = total laboratory cost or 0.52 X + 0.02 X + 0.48 Y + 1.19 Y + 590,094 = total laboratory cost (total labor cost was considered as fixed cost and equal to 590,094 baht/year). A visual for linear programming is given in Figure 1 . Table 2 . Table 3 . Of the 28 studied laboratory tests, an equilibrium workload can be determined for only 25 laboratory tests. With fewer than this, the rented instrument showed a lower total test cost than the purchased instrument, and above this, the rented instrument showed a higher total test cost than the purchased instrument. For the 3 laboratory tests, Na, K, and Cl, the purchased instrument showed a higher cost than the rented instrument at any point. The example visuals from break-even point analyses can be seen in Figure 2 . Concerning the present workload ( Table 2) of our laboratory, we found that all were below the equilibrium workloads, reflecting that the rented instrument is suitable for our laboratory with the wide range to reach the equilibrium workloads.
Results

Equilibrium workload at break-even point. The equilibrium point for each test from both rented and purchased instruments is presented in
Since our laboratory has one of the higher workloads in Thailand, we can expect that the rented instruments are suitable for most other laboratories as well.
Linear programming analysis. The three derived intercepts (X,Y) were, a) (439,959, 141,819), b) (248,652, 333,126), and c)(333,985, 248,793). The total laboratory cost from the intercept a), b), and c) are 1,064,455.59 baht/ year, 1,280,632.50 baht/year, and 1,185,336.21 baht/year, respectively. The intercept providing the least total cost was a) and considered the proper combination between using the 2 types of instruments. In conclusion, the proper combination is using the rented and purchased instruments for performing 439,959 and 141,819 laboratory tests/year.
Discussion
There are a large number of ideas concerning the systematization of clinical laboratory management; therefore, many types of laboratory systems have been constructed. In introducing it, not only an increase in value-added labor productivity by automating laboratory tests, but also an improvement in test-cost awareness is expected. 19 Decreasing revenues from price controls in government programs and discounted fees and below-cost capitation contracts from private insurance companies have made cost control the main factor in laboratory decisions. [3] [4] [5] [6] [7] The management for the laboratory instrument is an important topic to be considered. 19 Presently, laboratory instruments are available by 2 main methods: renting or purchasing. For renting, the laboratory supply companies usually planned their marketing strategies to provide the rented instrument for the laboratories at a low cost. This is suitable for a laboratory with limited funds; however, this system makes the laboratories dependent on the renting company. The laboratories have to use the specific reagents from the companies, which are usually expensive. For purchasing, the laboratories have to make their own budgets and have to consider the cost effectiveness before purchasing. However, the cost of the reagents (the main material cost) is usually lower than renting. Therefore, it might be more suitable for a laboratory with a high workload.
For several years, Thailand has been dealing with a serious economic crisis. A clear consensus has been made that a cost-saving system must be an important tool. Both private and government organizations are engaged in developing such systems. A variety of factors contribute to the cost-saving process. The usage of public utility, non-recycle material, and unnecessary utility were reconsidered. According to a recent survey by Sirisali and colleagues, 14 Na*** K*** Cl*** CO2 Acid phosphatase * Calculation was performed according to the standard calculation method 16 **derived from the previous study of Wiwanitkit 17 *** For this test, the purchased instrument showed a higher cost than the rented instrument at any point.
Figure 2_Examples
of results from break-even point analysis. (A) Break-even point analysis for glucose (an example of a test with a break-even point).
The cross indicates break even point. (B) Break-even point analysis for Na (an example for a test without a break-even point). laboratory reorganization. It is important to compare cost with workload since this impacts the overall cost and profit. According to the situation analysis in the author's setting, the rented instrument is suitable, although the author's laboratory had a high workload. The rented instrument would still be suitable even if the workload increased several times the present workload ( Table 3 ). In real situations, laboratories might not be able to avoid the combined use of rented and purchased instruments, but there are only a few reports on the combined usage of rented and purchased instruments. In this article, the author used a linear programming method to find the suitable combined usage of the 2 types of instruments. From the combination, it seems that the rented instrument should be used in performing tests more than the purchased instrument. The recommended ratio of using the rented to the purchased instrument for performing laboratory analysis is about 3:1. This result not only supports the previous studies, 9, 15 but also provides the expectation for the situation in laboratories with a smaller workload. However, there are some limitations of this study, such as the indirect costs were not studied; the assumption was limited and based mainly on our setting; there were changes in material costs due to the marketing strategy of the laboratory supplier companies; and other relevant variables including software upgrades, technology upgrades, and training issues, which are negotiated differently when purchasing or renting instruments. The author recommends similar studies in general laboratories for their strategic planning in laboratory instrumentation.
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Conclusion
A mini review on the topic of selection of laboratory equipment was performed. This paper is not only a review article but aims to propose an example of situation analysis to compare rented instruments with purchased instruments in the author's setting. The author performed further analysis to find the equilibrium workload and a linear programming analysis to find the proper combination between the 2 types of instruments. It is found that the rented instrument was more suitable for our laboratory despite the present high workload. LM Glucose BUN Cr UA Ca Phosphate Total protein Albumin Globulin GGT TB DB ALP ALT AST LDH CK CK-MB Mg Amylase TG HDL Cholesterol Na*** K*** Cl*** CO2 Acid phosphatase * Calculation was performed according to the standard calculation method 16 ** For this test, the purchased instrument showed a higher cost than the rented instrument at any point *** equilibrium workload = (fixed purchase cost -fixed rental cost)/(variable rental cost -variable purchase cost); for example, equilibrium workload of glucose = (1,004,590 -775,064.8)/(2.53 -1.79) below the equilibrium workload level the purchased instrument showed higher cost than rented instrument but above this level it is opposite 
